Abstract
Tokyo, the fine particle concentration at 0.5 m above ground level was about 2.9 times higher 23 than that at 2.0 m. The higher fine particle concentration immediately above ground level implies 24 that children may be at greater risk of experiencing pollutant-related respiratory symptoms than 25 adults.
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INTRODUCTION

32
Exhaust from heavy vehicles contributes one of the major anthropogenic source of the 33 gaseous pollutants CO, NOx and NMHCs, as well as fine particles. Fine particles in particular are 34 known to cause adverse health effects on humans and a relationship between exposure to high 35 concentrations of fine particles and respiratory morbidity has been suggested (Li et al., 2008; 36 Peden 2005; Riedl 2008) . Recently, an immune response has been observed in humans following 37 exposure to ultrafine particles with a diameter of less than 0.1 µm, (Li et al., 2009 (Li et al., , 2010 (Waldron et al., 1995; Livingstone et al., 1996) . To evaluate the correlation 43 between vehicular emissions of fine particles and any potential health impacts, detailed 44 measurements of the concentration and spatial distribution of fine and ultrafine particles are 45
essential. 46
The spatial distribution of fine particles has been reported for highway and freeway locations 47 4 Field measurements were conducted in urban Tokyo on April 4th, 2011. Fig. 1 shows the 70 location of the measurement site, which was near to the intersection of two main roads, oriented 71 in the direction of Northeast to Southwest (Route-15) and Northwest to Southeast (Route-304). 72
At a distance of about 300 m from the site, two local roads run parallel to Route-15 in the 73 direction of Northwest (Route-405) and Southeast (Route-3016), respectively. In addition, an 74 elevated highway surrounds the measurement site, at a distance of 300-600 m. The area is 75 relatively flat, with tall buildings (6-12 stories) located alongside all roads near to the site. Due to 76 the built up nature of the area, particle emissions from the road adjacent to the site were expected 77 to dominate the measurements, while contributions from other roads in the vicinity are thought to 78 be small. The measurements were carried out between 15:00-16:00 Japanese local time -79 corresponding to a period of high road usage, with respect to both vehicles and pedestrians. 80
Traffic data for the local roads around the site was obtained from the Ministry of Land, 81
Infrastructure, Transport and Tourism. According to the data, the traffic volume for vehicles in 82 the daytime (7:00-19:00) is approximately 31,000 vehicles per day, with heavy duty vehicles 83 accounting for 16% of the total. The average vehicle speed on the road in typical, congested 84 conditions was 12 km h -1 . 85
The size distribution and number concentration of fine particles were measured using an 86 optical particle counter (OPC, model 1.109, Grimm). A laser diode was employed to detect and 87 µm in diameter cannot be detected by the instrument, since these particles are outside of the range 89 for detection. The OPC instrument continuously sampled air at 1.2 L min -1 and the concentration 90 of each particle size range was measured every 6 seconds. The air was supplied to the instrument 91 via PFA tube (6.35 mm outer diameter, 3 m length) and the inlet of the tube was fixed to a 92 moveable rod, such that the vertical height of the inlet from the ground could be changed 93 periodically. The inlet height was alternated between 0.25, 0.5, 1.0, 1.5 and 2.0 m above ground 94 level. The inlet and OPC were deployed about 1m away from the intersection. The accumulation 95 time was set to 2 minutes for each measurement height, with an interval of 1 minute following 96 each inlet height adjustment. The full vertical profile measurements were carried out 3 times and 97 the averaged particle number concentration was derived for each height. In addition to the 98 particle measurements, the vertical profile of nitrogen oxides (NO and NO2) was measured by O3 99 chemiluminescence (Model 42i-TL, Thermo Electron) simultaneously via the same inlet system. 100
Unfortunately, meteorological data including ambient temperature, wind speed and direction 101 were not measured due to instrument difficulties. However, it is assumed that the difference of 102 the concentration of the trace species coming from upwind and downwind is small since the 103 roadside are surrounded by the tall buildings. sampling heights, the maximum number concentration was observed for particles of size 0.25-127 0.30 µm, and the number concentration exponentially decreased with increasing particle size. Fig.  128 3 indicates that the particle size distribution is broadly uniform throughout all sampling heights, 129 suggesting that there is no unique formation or loss process of the particles occurring at any 130 individual sampling heights. However, the overall number concentration was seen to decrease 131 with increasing sampling height. 132 further studies to determine the dependence of the particle number concentration and size 154 distribution on seasonal changes, as well as on the position of the tailpipe are necessary. 155
For each particle size, the ratio between the standard number concentration at each height and 156 the concentration at 2.0 m was calculated. For particles smaller than 0.5 µm diameter, the ratio of 157 the number concentration increased exponentially as the sampling height decreased. The 158 maximum ratio was 2.9 for the 0.25-0.30 µm size range. This indicates that the level of exposurewith increasing height above ground level. In light of this, it might be anticipated that children 161 would be more susceptible to health issues related to roadside fine particle levels compared to 162 adults. Health implications for children living near to areas with high traffic density have been 163 researched previously (Weiland et al., 1994; Oosterlee et al., 1996; Ciccone et al., 1998) . 164 Ciccone et al. (1998) , investigated chronic respiratory symptoms in children under fifteen years 165 of age and compared them with those of adults living in similar conditions. They concluded that 166 living in the vicinity of busy streets with high traffic flow increased the risk of developing 167 chronic respiratory symptoms in children, while there was no significant correlation in adults. 168
Although they did not offer an explanation for the increased risk in children, fine particles are 169 thought to be a contributing factor. 170
Based on the results of this study, it is implied the importance of the reduction of the number 171 concentration of fine particle at the lower height. It should be noted that ultrafine particles were 172 not observed in this study, as ambient concentrations were below the instrument detection limit. 173
Based upon the observed vertical profile of fine particles, it is probable that the same height 174 dependence of the number concentration of ultrafine particles will be observed. Recently, a 175 relationship between exposure to ultrafine particles and adverse health effects has been confirmed 176 
